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DOXPLQLXPPDWUL[IO\DVKVWLUFDVWLQJWHQVLOHVWUHQJWKKDUGQHVV
 ,QWURGXFWLRQ
0HWDOPDWUL[FRPSRVLWHV 00&V KDYHFHUWDLQVXSHULRUPHFKDQLFDOSURSHUWLHV LQFRPSDULVRQZLWKPRVWSRO\PHU
PDWUL[FRPSRVLWHVQDPHO\KLJKWHPSHUDWXUHFDSDELOLWLHVKLJKHUWUDQVYHUVHVWUHQJWKDQGVWLIIQHVVJUHDWHUVKHDUDQG
FRPSUHVVLYH VWUHQJWK HWF 7KH00&V KDYHPDQ\ DGYDQWDJHV RYHUPRQROLWKLFPHWDOV LQFOXGLQJ D KLJKHU VSHFLILF
PRGXOXVKLJKHUVSHFLILFVWUHQJWKEHWWHUSURSHUWLHVDWHOHYDWHGWHPSHUDWXUHVORZHUFRHIILFLHQWVRIWKHUPDOH[SDQVLRQ
DQG EHWWHU ZHDU UHVLVWDQFH $OXPLQXP DQG LWV DOOR\V KDYH WKH PRVW DWWHQWLRQ DV PDWUL[ PDWHULDOV IRU 00&V
$OXPLQLXPPDWUL[FRPSRVLWHV $0&VPDGHIURPVDPHFRQVWLWXHQWVKRZVYDULDWLRQ LQGLIIHUHQWSURSHUWLHVDVSHU
GLVWULEXWLRQ RI WKH UHLQIRUFLQJ PDWHULDO LQ WKH PDWUL[ 3URSHUWLHV RI $0&V VKRZV FRQVLGHUDEOH FKDQJHV E\
UHLQIRUFHPHQW W\SH OLNH IO\ DVK EDJDVV DVK DOXPLQD K\EULG HWF VL]H DQGZHLJKW IUDFWLRQ $0&V DUH VXSHULRU
FRPSDUHG WR XQUHLQIRUFHG PDWHULDOV LQ VWUHQJWK UHGXFHG GHQVLW\ ZHLJKW FRUURVLRQ UHVLVWDQFH LPSURYHG KLJK
WHPSHUDWXUH SURSHUWLHV LPSURYHG ZHDU UHVLVWDQFH HWF LQ FXUUHQW ZRUN PDQXIDFWXULQJ RI $0&V E\ VWLU FDVWLQJ
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PHWKRG LV GRQH E\ WDNLQJ $OXPLQLXP  DOOR\ DV D PDWUL[ DQG IO\ DVK DOXPLQD DQG K\EULG RI ERWK DV
UHLQIRUFHPHQW9DULRXV FKDUDFWHUL]DWLRQV DUH VWXGLHG OLNH WHQVLOH FRPSUHVVLYH DQG KDUGQHVV UHVLVWDQFH RI
PDQXIDFWXUHG FRPSRVLWH0LFURVWUXFWXUH VWXG\ RI VRPH VDPSOH LV DOVR FDUULHG DQG GHQVLW\ DV ZHOO DV SHUFHQWDJH
SRURVLW\LVFDOFXODWHG
$QLONXPDU HW DO  VWXGLHG PHFKDQLFDO SURSHUWLHV RI IO\ DVK UHLQIRUFHG DOXPLQLXP DOOR\ $O
FRPSRVLWHVLWLVIRXQGWKDWWKH7HQVLOH6WUHQJWK&RPSUHVVLRQ6WUHQJWKDQG+DUGQHVVLQFUHDVHGZLWKWKHLQFUHDVHLQ
WKH ZHLJKW IUDFWLRQ RI UHLQIRUFHG IO\ DVK DQG GHFUHDVHG ZLWK LQFUHDVH LQ SDUWLFOH VL]H RI WKH IO\ DVK
6XGDUVKDQ DQG 6XUDSSDXVHGQDUURZVL]HUDQJH± ȝPUDQJHIO\DVKSDUWLFOHLQ$$OZKLFKH[KLELW
VXSHULRU PHFKDQLFDO SURSHUWLHV 6XUDSSD  KDYH H[SHFWHG :RUN WR SURGXFH KLJK TXDOLW\ DQG ORZFRVW
UHLQIRUFHPHQWV IURP LQGXVWULDOZDVWHVDQGE\SURGXFWV <8;LDRGRQJVKRZQ WKDW WKHEHQGLQJVWUHQJWKRI
6L&S $O FRPSRVLWH LQFUHDVHV ZLWK GHFUHDVLQJ SDUWLFOH VL]H DQG WKH IUDFWXUH WRXJKQHVV RI 6L&S$O
FRPSRVLWH LQFUHDVHV ZLWK WKH LQFUHDVLQJ RI SDUWLFOH VL]H ZKHQ WKH SDUWLFOH VL]H FKDQJHV IURP  WR  ȝP 31
%LQGXPDGKDYDQVWXGLHG HIIHFWRQZHDUDQGPHFKDQLFDOSURSHUWLHVRISDUWLFXODWHPHWDOPDWUL[FRPSRVLWHVDQG
IRXQG WKDW WRPHHWGLIIHUHQWHQJLQHHULQJ UHTXLUHPHQWV VXLWDEOHFKRLFHRISDUWLFOH VL]HV LV UHTXLUHG+DVKLP
VWXGLHG3URFHVVLQJYDULDEOHVVXFKDVKROGLQJWHPSHUDWXUHVWLUULQJVSHHGVL]HRIWKHLPSHOOHUDQGWKHSRVLWLRQRIWKH
LPSHOOHULQWKHPHOWDQGDQGLWVHIIHFWRIRQPHFKDQLFDOSURSHUWLHVRIFDVWPHWDOPDWUL[FRPSRVLWHV+DVKLPHWDO
IRXQGHIIHFWRISUHKHDWLQJDGGLWLRQRJPDJQHVLXPRQZHWWDELOLW\RIPDWUL[ 5DMDQHWDOSURYHGWKDW
$GGLWLRQRI0J LQFUHDVHV WKHFRROLQJ UDWHRI WKH$O PDWUL[DOOR\ 9HHUHVK.XPDUKDYH UHYLHZHG WKDW
WKHUHLVDQLPPHQVHSRWHQWLDOVFRSHDQGRSSRUWXQLWLHVIRUWKHUHVHDUFKHUVLQWKHILHOGRIPHFKDQLFDODQGWULERORJLFDO
SURSHUWLHVRIWKHSDUWLFXODWHUHLQIRUFHGPHWDOPDWUL[FRPSRVLWHV
 0DWUL[PDWHULDO
0DWUL[PDWHULDOXVHG LQFXUUHQWH[SHULPHQWDWLRQ LV$ODOXPLQLXPFDVWLQJDOOR\ 7KHYDULRXVFRPSRVLWLRQ
OLPLWVRI$OLV
7DEOH&RPSRVLWLRQRI$O
$O  DOOR\ KDYH ([FHOOHQW FDVWDELOLW\ JRRG ZHOGDELOLW\ DQG JRRG UHVLVWDQFH WR FRUURVLRQ ,W RIIHUV EHWWHU
PDFKLQDELOLW\DQGPHFKDQLFDOSURSHUWLHVWKDQ RWKHUDOOR\V7\SLFDOXVHVRI$ODOOR\DUHLQ$LUFUDIWSXPSSDUWV
$XWRPRWLYHWUDQVPLVVLRQFDVHV$LUFUDIWILWWLQJV&RQWUROSDUWV:DWHUFRROHGF\OLQGHUEORFNV$LUFUDIWVWUXFWXUHVDQG
HQJLQHFRQWUROV
 5HLQIRUFHPHQW PDWHULDO
5HLQIRUFHPHQWPDWHULDOXVHGLQFXUUHQWZRUNLVIO\DVKDOXPLQDDQGK\EULGUHLQIRUFHPHQWRIDOXPLQDDQGIO\DVK
)O\ DVK JHQHUDWHG GXULQJ WKH FRPEXVWLRQ RI FRDO IRU HQHUJ\ SURGXFWLRQ LV DQ LQGXVWULDO E\SURGXFW ZKLFK LV
UHFRJQL]HG DV DQ HQYLURQPHQWDO SROOXWDQW %HFDXVH RI WKH HQYLURQPHQWDO SUREOHPV SUHVHQWHG E\ WKH IO\ DVK
FRQVLGHUDEOHUHVHDUFKKDVEHHQXQGHUWDNHQRQWKHVXEMHFWZRUOGZLGH )LJ  VKRZV6FDQQLQJHOHFWURQPLFURVFRS\RI
IO\DVKDQG)LJ  VKRZVHQHUJ\GLVSHUVLYHVSHFWURVFRS\RIIO\DVK :LWKHQHUJ\GLVSHUVLYHVSHFWURVFRS\FRQWHQWLQ
WKHIO\DVKKDVEHHQIRXQGZKLFKLVHVVHQWLDO WRNQRZWKHW\SHRIDVKDQGLWVHIIHFWRQSURSHUWLHVRIPDQXIDFWXUHG
PDWHULDO
1DPHRIFRQVWLWXHQW &XPD[ 0J 0QPD[ 6L )HPD[ =QPD[ 7LPD[ 2WKHU $O
3HUFHQWDJH  WR  WR     %DO
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)LJ6(0RIIO\DVK
)LJ  (QHUJ\'LVSHUVLYH6SHFWURVFRS\RIIO\DVK
 ([SHULPHQWDOSURFHGXUH
'LIIHUHQWPDQXIDFWXULQJSURFHVVHVDUHDYDLODEOH IRU PDQXIDFWXULQJ WKH GLVFRQWLQXRXVPHWDOPDWUL[FRPSRVLWHVEXW
VWLUFDVWLQJLVJHQHUDOO\DFFHSWHGDV LWDOORZVDFRQYHQWLRQDOPHWDOSURFHVVLQJURXWH DQGKHQFHPLQLPL]HVWKHFRVWRI
WKHSURGXFW7KLV OLTXLGPHWDOOXUJ\ WHFKQLTXH LV WKHPRVW HFRQRPLFDO DV ZHOO DV FRPIRUWDEOH IRU YHU\ ODUJH VL]HG
FRPSRQHQW IDEULFDWLRQ $FFRUGLQJWR 3DUGHHS6KDUPD HWDOWKHFRVWRISUHSDULQJFRPSRVLWHVPDWHULDOXVLQJ
D FDVWLQJ PHWKRG LV DERXW RQHWKLUG WR KDOI WKDW RI FRPSHWLWLYH PHWKRGV DQG IRU KLJK YROXPH SURGXFWLRQ LW LV
SURMHFWHG WKDW WKH FRVWZLOO IDOO WR RQHWHQWK ,Q JHQHUDO WKH V\QWKHVLV RIPHWDOPDWUL[ FRPSRVLWHV E\ VWLU FDVWLQJ
PHWKRG LQYROYHVSURGXFWLRQRI DPHOWRIWKHVHOHFWHGPDWUL[PDWHULDOIROORZHGE\WKH LQWURGXFWLRQRIDUHLQIRUFHPHQW
PDWHULDOLQWRWKHPHOW 7KHQH[WVWHSLVWKHVROLGLILFDWLRQRIWKHPHOWFRQWDLQLQJ GLVFRQWLQXRXVO\UHLQIRUFHG SDUWLFOHV
WR REWDLQWKHGHVLUHGGLVWULEXWLRQ LQFDVWLQJ ,QSUHSDULQJPHWDOPDWUL[FRPSRVLWHVE\WKHVWLUFDVWLQJPHWKRGVRPHRI
WKH IDFWRUVWKDWQHHGFRQVLGHUDEOHDWWHQWLRQDUHDVIROORZV
x 7RDFKLHYH XQLIRUPGLVWULEXWLRQRIWKHUHLQIRUFHPHQWPDWHULDO
x 7RDFKLHYHZHWWDELOLW\EHWZHHQWKHWZRPDLQVXEVWDQFHV
x 7RPLQLPLVHSRURVLW\LQWKH FDVWPHWDO PDWUL[FRPSRVLWHV
x 7RDYRLGFKHPLFDOUHDFWLRQVEHWZHHQWKHUHLQIRUFHPHQWPDWHULDODQGWKHPDWUL[DOOR\
$SDUW IURP DERYH IDFWRUV WKH W\SH RI VWLUUHU XVHG GXULQJ VWLUULQJ PHOW WHPSHUDWXUH W\SH RI PDWUL[ W\SH RI
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UHLQIRUFHPHQWVWLUULQJWLPH VWLUULQJVSHHGKROGLQJWLPHUHLQIRUFHPHQWVL]HHWF SOD\V VLJQLILFDQWUROH LQWKH TXDOLW\
RIFDVWLQJ 3URSHUGLVSHUVLRQRI WKHSDUWLFOHV LQDPDWUL[ LVDOVRDIIHFWHGE\SRXULQJUDWHDQG SRXULQJ WHPSHUDWXUH
7KHSUREOHPRIWKHZHWWLQJRIWKH UHLQIRUFHPHQW E\ PDWUL[ PHWDOLVRQHRIVXUIDFHFKHPLVWU\DQG LWGHSHQGVXSRQD
VXUIDFHWHQVLRQ
 )DEULFDWLRQRIFRPSRVLWHV
,QFXUUHQWZRUN $O DOOR\ LVXVHGDV D PDWUL[ PDWHULDO5HLQIRUFHPHQWXVHGLV  ZHLJKWSHUFHQWIO\DVK
ZHLJKWSHUFHQW DOXPLQDDQG FRPELQDWLRQRIHTXDODPRXQWRIIO\DVKDQGDOXPLQD LQZHLJKWSHUFHQW
7KH PHWDOPDWUL[FRPSRVLWH LVSURGXFHGE\VWLUFDVWLQJPHWKRG 7KHDYHUDJH VL]HRIUHLQIRUFHPHQWSDUWLFOHLV DERXW
OHVVWKDQP7KHVLHYH VKDNHU LVXVHGWRVHSDUDWHSDUWLFDOVOHVVWKDQP 7KHUHLQIRUFHPHQWSDUWLFOHVZHUH
LQMHFWHG LQWR WKHPHOW LQ DVUHFHLYHG IRUP ZWPDJQHVLXPZDV GLUHFWO\ DGGHG WR WKH FUXFLEOH MXVW EHIRUH WKH
LQMHFWLRQVWDUWHGWRLQFUHDVHWKHZHWWDELOLW\EHWZHHQWKHPDWUL[DQGWKHUHLQIRUFHPHQW6FKHPDWLFRIWKHH[SHULPHQWDO
VHWXSXVHGLQWKHSURGXFWLRQRIWKHFRPSRVLWHVLVVKRZQLQ )LJ  ,QHDFKH[SHULPHQWDERXWJRI$ODOOR\
RUDQG UHVSHFWLYH ZW UHLQIRUFHPHQW ZHUHPHOWHGLQDFUXFLEOHRINJFDSDFLW\DQGWKHWHPSHUDWXUHRIWKHPHOWZDV
UDLVHGWR &7KHPHOWZDVNHSWDWWKLVWHPSHUDWXUHIRUDSSUR[LPDWHO\PLQZKLOHEHLQJVWLUUHGDWUSPE\
VWLUUHUVKRZQLQ)LJ$VKSDUWLFOHVZHUH XVHG LQWRWKHPHOWDVXQWUHDWHGDVSDUWLFXODWHSRZGHUV+H[DFKORURHWKDQH
WDEOHWZLWKSHUFHQWDPRXQWLVXVHG+H[DFKORURHWKDQHWDEOHW ZHUHXVHGIRUGHJDVVLQJSXUSRVH $VFXPLVOD\HU
RI LPSXULW\ WKDWDFFXPXODWHVDWWKHVXUIDFHRIDOLTXLGLVUHPRYHGE\DGGLWLRQRIVFXPSRZGHU )LJWRVKRZV
FRPSOHWHSURFHVVRIVWLUULQJSRXULQJLQGLHSUHKHDWLQJRIUHLQIRUFHPHQWIRUZHWWDELOLW\LPSURYHPHQWDQGIRUPDWLRQ
RIURXQGDQGSODWHVKDSHFRPSRQHQW 3URFHVVRIIDEULFDWLRQ LVJLYHQEHORZLQ7DEOH
)LJ6FKHPDWLFYLHZRIVHWXS IRUVWLUFDVWLQJ )LJ7XUELQHVWLUUHUZLWKEODGH
7DEOH&RPSRVLWLRQRI$O 6WLUFDVWLQJSURFHGXUH
6U1R 7LPH 3URFHGXUH )XUQDFHWHPS
&
  $OLVNHSWLQIXUQDFHIRUPHOWLQJSXUSRVH 
  (QVXUHGWKDWWKHWRWDOPHWDOLVLQ OLTXLGIRUP7KHVFXPSRZGHULVDGGHGDOO
FOHDQSRZGHULQWKHPROWHQ$OWRUHPRYHWKHLPSXULWLHVOLNHIOX[VODJ

  $GGHG WKH GHJDVVLILFDWLRQ WDEOHW KH[DFKORUR HWKDQH LQ WKHPROWHQPHWDO
IRUUHPRYDORIWKHJDVIURPPROWHQPHWDO

  $GGHGSUHKHDWHG UHLQIRUFHPHQWJUDGXDOO\ DQG VWDUWHG VWLUULQJSURFHVVZLWK
VWLUULQJVSHHGUSP6WLULQJLVGRQHIRUPLQXWHV

  0ROWHQFRPSRVLWHPDWHULDOLVSRXUHGLQSUHKHDWHGPROGWR&WKDW
LVURXQGVKDSH	SODWHVKDSH
5RRP
WHPSHUDWXUH
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 &KDUDFWHUL]DWLRQVRI $PDWUL[DQGYDULRXVUHLQIRUFHGFRPSRVLWHPDWHULDOV
3RURVLW\ DQGGHQVLW\RI$PDWUL[DQGUHLQIRUFHGFRPSRVLWHPDWHULDOV
,W KDV EHHQ REVHUYHG WKDW WKH SRURVLW\ LQ FDVW FRPSRVLWHV LQFUHDVHV DOPRVW OLQHDUO\ ZLWK SDUWLFOH FRQWHQW
)UHTXHQWO\ZDWHUYDSRXUVHQWUDSSHGDUH UHVSRQVLEOH IRUSRURVLW\6HYHUDOGHJDVVLQJ WHFKQLTXHVDUHDYDLODEOH ,QD
SURFHGXUHIRUJDVUHPRYDOWKHXVXDO GHR[LGL]LQJDQGUHILQLQJWUHDWPHQWVDUHDSSOLHGEHIRUHGHJDVVLQJ7KHSRURVLW\
OHYHOVRIFRPSRVLWHIRUPHGQHHGWREHPLQLPL]HG,QFXUUHQWZRUNSRURVLW\LVFDOFXODWHGE\FRPSDULQJWKHRUHWLFDO
GHQVLW\ DQG DFWXDO GHQVLW\ DV VKRZQ LQ 7DEOH   DQG  UHVSHFWLYHO\ +HUH )$ IO\ DVK %$ %DJDVVH DVK $O
DOXPLQD $VVKRZQLQWDEOH  WKHRUHWLFDOGHQVLWLHVDUHFDOFXODWHG IURPUXOHRIPL[WXUHDVJLYHQEHORZ
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